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Translation arrest of genomic potato virus X (PVX) RNA promoted by complementary oligodeoxynucleotides in Krebs-2 
cell-free system is described. 14-15 mer oligodeoxynucleotides complementary to the Y-proximal cistron of PVX RNA 
were shown to induce specific truncation of the major non-structural polypeptide coded by PVX RNA. Evidence is pre- 
sented that effective translational arrest of PVX RNA in the presence of complementary ohgonucleotides restults from 
the site-specific cleavage of RNA by endogenous RNase H intrinsic to the Krebs-2 extract. No similar translational arrest 
was found in the rabbit reticulocyte lysate cell-free system. 
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1. INTRODUCTION 
It has been shown that mRNA translation can be 
specifically arrested by a complementary DNA 
fragment or oligodeoxynucleotide both in vitro 
and in vivo [l-4]. Since the early in vitro studies 
the translational arrest has been assumed to be due 
to the blocking of ribosome translocation on the 
appropriate mRNA resulting from RNA-DNA 
hybrid formation [1,2]. However, it has been 
demonstrated that RNA cleavage due to an en- 
dogenous RNase H activity both in wheat germ ex- 
tract and in Xenopus oocytes may be responsible 
for hybrid arrest of translation by complementary 
DNAs [5-71. 
Potato virus X (PVX) is a type member of the 
potexvirus group. The complete nucleotide se- 
quence (6435 bases) of the genomic PVX RNA has 
been determined recently [8]. PVX RNA directs in 
vitro the major non-structural protein of 165 kDa 
corresponding to the 5 ‘-proximal open reading 
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frame coding for a putative component of the viral 
RNA replicase [8]. 
Here we consider the site-specific arrest of 
translation of PVX RNA in Krebs-2 ascite tumor 
extract which occurs upon addition of oligodeox- 
ynucleotides complementary to defined coding se- 
quences within the 5’-proximal 165 kDa gene. 
2. MATERIALS AND METHODS 
PVX, wild strain, was propagated on Datura stramoniutn L. 
plants. The virus preparations and virion RNA were obtained 
as described [9]. Ribonuclease H (RNase H) was isolated from 
Escherichia co/i MRE-600 as described by Rodionova et al. 
[IO]. Hybrid formation and RNase H cleavage reactions were 
carried out as described [I l] with slight modifications. Reaction 
mixtures were incubated for 3 h at 4°C. The activity of RNase 
H was determined using [?]RNA-DNA hybrid as a substrate 
[IZ]. Oligonucleotide S’d[GTTTTGGAATCiTCTC]-oligo I was 
synthesized and kindly provided by B.K. Chernov. 
Oligonucleotide 5 ‘d[CAAGAAGAGCTGCA]-oligo II was syn- 
thesized and kindly provided by T.S. Oretskaya. The pro- 
cedures of cell-free translation in wheat germ, rabbit 
reticulocyte lysate or Krebs-2 cell-free systems have been 
described [13-161. Preincubation of PVX RNA (5 mg) and 
RNA-DNA hybrids (5 mg RNA with 0.01 ,426~) units of the 
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desired oligonucleotide) in the Krebs-2 translation mixture 
(50 ml) was carried out at 30°C for 30 min. RNA was extracted 
with phenol, precipitated with ethanol and dissolved in 20 ml of 
water. Samples (5 ml) were translated in standard reticulocyte 
lysate. Reticulocyte lysate supplemented with RNase H contain- 
ed 0.02 units of E. coli RNase H in 25 ml sample. 
[Z”S]Methionine-labelled proteins from cell-free translation 
mixtures were analyzed by gel electrophoresis in 8-20% SDS- 
polyacrylamide gel as described [13]. For blot-hybridization 
analysis RNA samples were re-extracted from Krebs-2 transla- 
tion mixture, denatured with formaldehyde, electrophoresed in 
1.5% agarose gels, transferred to nitrocellulose and hybridized 
to [‘*P]cDNA probe (1000 bases) specific for the 5’-proximal 
region of the PVX genome [I7]. 
165 K- 
3. RESULTS AND DISCUSSION 35 K- 
In a separate series of experiments it was 
demonstrated that PVX RNA can be specifically 
cleaved by RNase H from E. coli in the presence of 
two synthetic oligodeoxynucleotides: 15mer (oligo 
I) complementary to nucleotides 562-576 and 
14-mer (oligo II) complementary to nucleotides 
1022-1035 from the 5’-end of PVX RNA (not 
shown). 
19 K- 
The 5 ‘-proximal cistron of PVX RNA codes for 
a non-structural 165 kDa polypeptide, presumably 
RNA polymerase [S]. Therefore, the site-specific 
cleavage of PVX RNA by RNase H directed by 
oligo I and oligo II should release the 5’-terminal 
capped RNA fragments coding for the N-terminal 
parts of the 165 kDa protein. This suggestion is 
supported by the data obtained with the use of the 
Krebs-2 translation system (shown in fig.1). The 
native genomic PVX RNA directs the synthesis of 
the 165 kDa protein (fig.lE and F). Polypeptides 
of 19 kDa (fig.lD) and 35 kDa (fig.lB) were pro- 
grammed by genomic RNA cleaved in the presence 
of oligo I and oligo II, respectively. It is of impor- 
tance that polypeptides of the same sizes were also 
synthesized in translational systems containing the 
hybrids of PVX RNA with oligonucleotides I or II 
which were not pretreated with exogenous RNase 
H (fig.lA and C). These polypeptides obviously 
arise from the translation initiation on the capped 
5 ‘-fragments of PVX RNA since their production 
can be completely inhibited by the cap-analogue 
‘mGDP (not shown). Hence, the resulting trun- 
cated 19 kDa and 35 kDa products should repre- 
sent the N-terminal parts of the 165 kDa 
polypeptide. 
Fig.]. Translational arrest of PVX RNA in Krebs-2 cell-free 
system mediated by oligodeoxynucleotides complementary to 
the 5’.proximal gene coding for 165 kDa protein. Translation 
products of PVX RNA preincubated with: oligo II (A); oligo 
II + E. co/i RNase H (B); oligo I (C); oligo I + RNase H (D); 
no oligonucleotide added (E); RNase H without oligonucleotide 
(F). Molecular mass of protein standards(G) is indicated in kDa 
(right). The positions of the major in vitro products are shown 
Similar experiments with the use of rabbit 
reticulocyte lysate revealed that oligonucleotides I 
and II did not block the translation of PVX RNA 
(fig.2C and E). The specific arrest of translation in 
the presence of these oligonucleotides has been 
observed only in the case of direct addition of E. 
co/i RNase H to lysate (fig.2D and F). 
Two enzymes account for the RNase H activities 
in Krebs-2 ascites tumour cells [ 181. To verify 
whether the Krebs-2 extract contained enough 
RNase H activity to digest RNA-DNA hybrids, the 
PVX RNA was incubated in the presence of 
oligonucleotides I or II in Krebs-2 system under 
translation conditions. Then RNA was extracted 
and analyzed by Northern blot hybridization using 
a radioactive cDNA-probe specific for the 
5’-terminal 1.0 kb region of the PVX genome. 
Two 5’-terminal RNA fragments of about 0.6 and 
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Fig.2. PVX-specific translation in rabbit reticulocyte lysate. 
Translation products of PVX RNA preincubated with: no 
oligonucleotide (control) (A,B,G); oligo II (C,D); oligo 1 (E,F); 
no oligonucleotide + Krebs-2 extract (I); TMV-specific 
oligonucleotide + Krebs-2 extract (J); oligo I + Krebs-2 extract 
(K); oligo II + Krebs-2 extract (L). Samples B, D and F 
contained E. co/i RNase H. Sample H had no RNA added. 
Molecular mass of protein standards (M) is indicated in kDa 
(right). The positions of the major in vitro products are shown 
(left). 
1.0 kb long were cleaved from the PVX RNA in 
Krebs-2 extract in the presence of oligo I and oligo 
II, respectively (fig.3C and E). The resulting 
fragments comigrated with the products of site- 
specific cleavage of PVX RNA by E. coli RNase H 
(not shown). These PVX RNA fragments directed 
the synthesis of the polypeptide of 19 kDa (0.6 kb 
fragment) and the polypeptide of 35 kDa (1 .O kb 
fragment) in rabbit reticulocyte lysate (fig.2K and 
L). The presence of the minor high molecular mass 
products in fig.2K and L might be due to the 
translation of the 3 ‘-terminal fragments of PVX 
RNA. Genomic PVX RNA re-extracted after 
preincubation in Krebs-2 extract alone or in the 
presence of heterologous (TMV-specific) 
oligonucleotide remained intact (fig.3A and D) 
and was efficiently translated in reticulocyte lysate 
into major product - the 165 kDa PVX-specific 
polypeptide (fig.21 and J). 
As follows from table 1, the presence of RNase 
H activity is characteristic of wheat germ extract as 
has been reported by other groups [5,6]. RNase H 
July 1988 
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Fig.3. The site-specific cleavage of PVX RNA in Krebs-2 
extract promoted by complementary oligodeoxynucleotides. 
Blot-hybridization analysis of PVX RNA preincubated in 
Krebs-2 extract with: 1 I-mer TMV-specific oligonucleotide 
(control) (A); oligo 1 (C); no oligonucleotide added (D); oligo 
II (E). No PVX RNA added (B) (control). The positions of 
hybridizing species are indicated. 
activity can also be detected in Krebs-2 extract, 
while it is not detected in rabbit reticulocyte lysate. 
Earlier it was postulated that an ‘unwinding activi- 
ty’ associated with reticulocyte ribosomes may 
remove the DNA fragment or oligonucleotide 
from the heteroduplex upon the translation 
elongation [ 191. Our data suggest that the absence 
of translation arrest of the PVX RNA by com- 
Table I 
RNase H activity in cell-free translational systems 
Incubation with Trichloroacetic acid- Relative 
soluble fraction activity 
(cpm/sample)” (Q) 
RNase H from E. co/i 
Krebs-2 extract 
Wheat extract germ 
Reticulocyte lysate 
Controlh 
3000 100 
947 32 
2647 85 
55 _ 
65 _ 
’ [“‘CJRNA-DNA hybrid (7000 cpm) was incubated with 50 ml 
of translational extract or with E. co/i RNase H (0.02 units) 
for 60 min at 30°C. Radioactivity of trichloroacetic acid- 
soluble fraction was determined 
h [“CIRNA-DNA hybrid was incubated alone as described [12] 
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plementary oligonucleotides in the reticulocyte 
lysate may be due to the lack of RNase H. We also 
suggest that the arrest of translation, both in 
eukaryotic cells which possess an endogenous 
RNase H activity and in cell-free extracts from 
these cells, is due to the site-specific cleavage of 
mRNA by RNase H directed by complementary 
DNA. 
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